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ABSTRACT
This study was conducted to determine effect of  drying temperature and duration on selected physical properties of  
climbing black pepper (Piper nigrum) and alligator pepper (Aframomum melanguata) using response surface approach. 
Drying temperature (55.86, 60, 70, 80, 84.14oC) and duration (2.59, 3, 4, 5, 5.414 hours) were variables while size 
(length, breadth, thickness), mass, sphericity, aspect ratio, moisture content, moisture loss, colour and bulk density 
were responses. Mass, density and moisture loss of  climbing pepper were significantly affected by drying temperature 
and duration at 5% level of  significance. Other climbing pepper physical properties under study were not influenced 
significantly. All alligator pepper properties considered were not significant (p > 0.05). Climbing pepper mass, density 
and moisture loss varied between 1.55 to 6.37g, 0.17 to 0.59 g/ml and 31.1 to 84.0% respectively.
Keywords:  Spices, dehydration, temperature, duration, physical properties.
Introduction
Spices are plant seeds, flower parts, rhizome or 
fruit use for seasoning, flavouring, preserving and 
thus enhancing the taste of  food. A spice may be 
available in several forms; fresh, completely dried 
or pre-ground. Examples of  spice are climbing 
black pepper (Piper nigrum) and alligator pepper 
(Aframomum melanguata). Climbing black pepper 
(Piper nigrum) is known as iyere (Yoruba), uziza 
(Igbo), uda (Hausa) and urire (urhobo). It contains 
good amount of  minerals like potassium, calcium, 
zinc, manganese, iron, magnesium, carotene, zea-
zanthin and lycopene. They are excellent sources 
of  vitamin B complex groups such as pyridoxine, 
riboflavin, thiamin and niacin (Waard and Anunciado, 
1999). Alligator pepper (Aframomum melanguata) is 
referred to as atare (Yoruba), ose oji (Igbo) and chitta 
(Hausa). It imparts hot pungency and spicy aroma 
to classic West Africa soups. Alligator pepper is 
rich in essential oils that contribute to the pleasant 
flavour in soups (Ajaiyieoba and Ekundayo, 1999). 
Climbing black pepper is a major spice with varied 
application in processing industries. Black pepper 
products including black pepper powder, pepper 
oil, and pepper oleoresins are produced in response 
towards the increased quality consciousness and 
preference for natural flavours and inconsistency in 
quality of  raw materials. Alligator pepper is a spice 
that is utilized in medicine due to its antioxidant 
and antimicrobial properties (Adegoke et al., 2002). 
Inegbenebor et al. (2009), reported on the effect 
of  alligator pepper on first trimester pregnancy in 
Sprague dawley rats. Information on the medicinal, 
antimicrobial and chemical composition of  this 
pepper is enormous while there is little   information 
on its processing. 
Response surface methodology is a collection of  
statistical and mathematical techniques useful for 
developing, improving and optimizing processes. It 
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is important in designing, formulating, developing 
and analyzing new scientific studies and products. 
It is also efficient in the improvement of  existing 
studies and products (Montgomery, 2005). Response 
surface methodology is widely used in food 
science, industrial, biological and clinical sciences, 
social sciences and physical health education. Some 
reported applications of  response surface approach 
in food processing include effects of  natural 
additives on some quality parameters of  un-refined 
peanut oil (Akinoso and Ekaette, 2012), extraction 
of  oil from melon (Akinoso and Oni, 2012) and 
production of  dried apple currant cubes (Diamante 
and Yamaguchi, 2012). 
Processing of  the spices involves units of  operation 
such as harvesting, drying and milling. The method 
of  their processing is still largely traditional and 
time-consuming resulting in products of  low 
quality. Detailed information on the engineering 
properties will be very useful in the design of  
equipment for harvesting, cleaning, drying, de-
podding (alligator pepper), milling and storing, thus 
enhancing process and quality control (Akinoso and 
Raji, 2011). Dehydration is one of  the major unit 
operations in processing these spices. Sun drying 
exposes the food to contamination and is climate 
dependent. Less attention is given to mechanization 
of  the drying process. Establishing effective drying 
temperature and duration will form a platform for 
mechanization of  the unit operations. The objective 
of  this work was to determine the effect of  drying 
temperature and duration on selected physical 
properties of  climbing black pepper and alligator 
pepper using response surface methodology. 
Materials and Methods
Preparation of samples
Climbing black pepper (Piper nigrum) and alligator 
pepper (Aframomum melanguata) were sourced from 
a local market (Ojo) in Ibadan, Oyo state, Nigeria. 
The climbing pepper seed was screened to remove 
dirt and stalk while pods and mucilage of  the 
alligator pepper were removed to collect the seeds. 
Experimental design
The experimental design employed was central 
composite rotatable of  response surface 
methodology for a two-variable case as described 
by Montgomery (2005). Five levels of  drying 
temperature (55.86, 60, 70, 80, 84.14oC) and drying 
duration (2.59, 3, 4, 5, 5.414 h) were the independent 
variables (Tables 1 and 2), while the responses were 
length, breadth, thickness, bulk density, aspect ratio, 
sphericity, mass and colour. The choice of  levels 
was influenced by results of  experimental trials 
and literature (Raji and Ojediran, 2011). Design 
expert version 6.0.10 (Stat Ease Minneapolis, 
USA) software was used for analysis of  variance 
(ANOVA), mathematical modelling and regression 
analysis at 5% of  significance was used. 
Determination of size 
In determining the size of  climbing black and 
alligator pepper seeds, fifty seeds were selected 
randomly and measurements of  each seed were 
taken. Measurements of  dimension on the three 
mutually perpendicular axis were made, namely 
length, breadth and thickness using digital vernier 
caliper (Carrera precision 0-300 mm). The accuracy 
of  the instruments is 0.01 mm. Each seed was 
placed in its natural resting position on a sheet 
of  paper. This measurement was taken ten times 
independently on each of  the treatment. Mean of  
determination was recorded as data obtained. The 
seeds sphericity and aspect ratio were calculated 
using standard equations (Equations 1 and 2). 
Sphericity index (SI) = (abc) 1/3/a *100                     (1)
Aspect ratio (Ra) = b/a *100                          (2)
where  a is length (mm), b is breadth (mm) and c is 
thickness (mm)
Determination of mass
The mass of  randomly selected fifty seeds 
was determined individually using electronic 
weighing balance (Metra  model TL 5000  series). 
Measurements were determined ten times 
independently on each treatment. Means of  
determinations were recorded as data obtained. 
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Determination of bulk density
The bulk density was determined by filling a 
container of  known mass and volume with 
climbing pepper and alligator pepper. The net mass 
of  the spices was obtained by subtracting the mass 
of  the container from the mass of  the container 
and the spice. To achieve uniform bulk density, 
the measuring cylinder was tapped to consolidate 
as reported by Irtwange (2000). Ratio of  mass 
and volume of  the samples were recorded as bulk 
density. 
Determination of colour 
Tristimulus L, a, b parameters were determined 
using colorimeter (chromamaeter CR400). The 
colorimeter operates on the CIE L, a, b colour 
scheme, L (Lightness) axis, 0-black, 100 is white, a 
(red-green) axis, positive values are yellow; negative 
values are blue and zero is neutral. The instrument 
was standardized using the white porcelain standard 
(L = 93.24, a = 0.96, b = 2.75) The colour meter 
was placed on the sample by allowing the sensor to 
touch the sample, multiple measurement of  several 
points on the sample were made. Delta chroma 
(∆C), colour intensity (∆E) and hue angle was 
calculated using equation 3, 4 and 5 respectively 
(Hunt, 1991)
Delta chroma = ∆C = (∆a)2 + (∆b)2 (3)
Colour intensity ∆E = (∆L)2 +(∆a)2 + (∆b)2       (4)
Huge angle = Tan-1 b/a   (5)
Results and Discussion
Tables 1 and 2 were the results of  effect of  drying 
temperature and duration on selected physical 
properties of  climbing black and alligator peppers, 
respectively. Mass, density and moisture loss of  
climbing pepper were significantly affected by 
drying temperature and duration at 5% level of  
significance (Table 3). Other climbing pepper 
physical properties under study were not influenced 
significantly. All alligator pepper properties 
considered were not significant (p > 0.05). Climbing 
pepper mass, density and moisture loss varied 
Table 1: Physical properties of  climbing black pepper
Ti D L B Th M BD AR S ML C 
(oC) (min) (mm) (mm) (mm) (g) (g/ml) (%) (%) (%) (%)
70 4 3.73 2.53 2.53 2.06 0.34 68.4 76.6 69.7 40.61
70 4 3.31 2.13 2.13 2.15 0.307 73.4 77.2 69.7 41.7
55.86 4 4.09 2.96 2.96 5.9 0.59 75.3 80.7 39.1 33.75
60 5 5.86 2.48 2.48 1.87 0.234 43.8 56.4 83 39.65
70 4 6.44 3.23 3.22 2.08 0.189 50.2 62.2 84 33.76
60 3 7.25 4.19 4.14 6.37 0.49 57.8 68 31.1 41.82
80 3 5.96 3.42 3.48 1.96 0.326 57.4 68.5 80.8 39.01
84.14 4 5.2 2.79 2.61 2.22 0.444 53.7 63.8 79 33.67
70 2.59 5.44 2.92 3.02 1.55 0.172 53.7 65.9 83 36.15
80 5 6.79 3.32 3.36 1.98 0.495 48.9 61.4 81 42
70 5.414 5.65 3.21 3.03 1.95 0.216 56.8 66.4 83 39.06
70 4 5.71 3.18 3.24 1.9 0.211 55.7 67.2 84 32.75
70 4 6.12 3.39 3.28 2.01 0.251 55.4 65.7 84 39.69
Where Ti is drying temperature (oC),  D is drying duration (minutes), L is length (mm), B is breadth (mm), Tc is 
thickness (mm), M is mass (g), BD is bulk density (g/ml), AR is aspect ratio (%), S is sphericity (%),  ML is moisture 
loss (%) and  C is colour lightness (%) 
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between 1.55 to 6.37 g, 0.17 to 0.59 g/ml and 31.1 
to 84.0 % respectively. The weight of  crops is one 
of  the major determinants in the choice of  handling 
equipment (Minjinyawa, 2007). Bulk density has 
practical application in determining separation of  
product from undesirable materials (Akinoso and 
Raji, 2011). Water flotation method is applicable 
for these samples because none of  their densities 
was equal to density of  water (1g/cm3). Cleaning 
is an important unit operation in food processing. 
Moisture loss is a product characteristic applicable 
in evaluating drying kinetics. A major objective in 
drying agricultural products is the removal of  water 
in the solid up to a certain level at which microbial 
spoilage, deterioration and chemical changes are 
greatly minimized (Krokida et al., 2003). 
Table 2: Physical properties of  alligator pepper (Aframomum melanguata) 
Ti D L B M BD AR ML C
(oC) (min) (mm) (mm) (g) (g/ml) (%) (%) (%)
70 4 3.94 3.21 3.54 0.74 81.5 38 39.73
70 4 3.58 3.01 3.64 0.76 84.1 36.6 42.1
55.86 4 4.08 3.38 7.5 0.68 82.8 27.2 26.47
60 5 3.52 3.04 3.78 0.79 86.4 29.7 44.99
70 4 3.84 2.99 3.14 0.65 77.9 35.9 38.15
60 3 3.35 2.96 3.53 0.74 88.4 28.6 44.78
80 3 3.67 3.1 3.21 0.64 84.5 36.1 42.98
84.14 4 3.68 3.01 3.66 0.73 81.2 34.9 32.83
70 2.59 3.63 2.96 3.55 0.74 81.5 38.7 40.13
80 5 3.59 3.03 3.42 0.68 84.4 37 44.84
70 5.414 3.59 3.03 3.05 0.63 84.4 40.3 47.99
70 4 3.67 2.92 3.08 0.62 79.6 38.1 45.48
70 4 3.54 3.17 3.37 0.70 89.5 39 43.89
Where Ti is drying temperature (oC),  D is drying duration (minutes), L is length (mm), B is breadth (mm), M is mass 
(g), BD is bulk density (g/ml), AR is aspect ratio (%), ML is moisture loss (%) and  C is colour lightness (%) 
Table 3: Summary of  analysis of  variance for significant properties of  climbing pepper 
Source Sum of  square DF Mean Square F Value p value R2
Mass 26.34 5 5.27 10.99 0.0033 0.89
Density 0.19 5 8.05 0.0081 0.0107 0.85
Moisture loss 3147.55 5 629.51 7.31 0.0106 0.84
Where DF is degree of  freedom and R2 is coefficient of  determination
Equations 6, 7 and 8 mathematically represent 
effects of  drying temperature and duration on 
mass, density and moisture loss in climbing 
pepper, respectively. The equations are quadratic 
with high coefficient of  determination R2 (Table 
3). From all the equations, drying duration has 
highest coefficient, which is an indication of  most 
influencing factor. This suggests poor thermal 
conductivity of  the crop. Bamgboye and Adejumo 
(2010) reported poor thermal conductivity of  
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seed. Contour plots of  the interaction relationship 
(Figures 1 to 3) are asymmetric. Food materials 
display large compositional variations, in-
homogeneities and anisotropic structure. A change 
in structure usually results in simultaneous change 
in several properties (Barbosa-Canova, Juniano and 
Peleg, 2006). This accounts for the obtained plots. 
Fig. 1: Contour plot of  climbing black pepper mass 
against drying duration and temperature
Fig. 2:  Contour plot of  climbing black pepper density 
against drying duration and temperature
Fig. 3:  Contour plot of  climbing black pepper 
moisture loss against drying duration and 
temperature
Conclusion
The following conclusions were drawn from the 
analysis on the physical properties of  climbing 
black pepper (Piper nigrum) and alligator pepper 
(Aframomum melanguata). Combinations of  temperature 
and duration have significant effect on the mass, 
density and moisture of  climbing black pepper. The 
data generated can be used in designing handling 
and processing equipment as well as mechanization 
of  the drying process of  the spices. Studies on the 
effect of  temperature and duration on the chemical 
properties of  the spices, thus optimization of  the 
process was recommended.
Mass = +93.44 – 2.03T – 7.53D + 0.01T2 – 0.11D2 + 0.11TD         (6)
Density = +9.6 – 0.23 – 0.23T – 0.54D + 1.36E-003T2 – 0.03D2 + 0.01TD   (7)
Moisture loss = -867.98 + 20.65T + 82.34D – 0.10T2 + 1.83D2 – 1.29TD  (8)
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